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BACKGROUND 



20 The present invention relates generally to equipment utilized and 

operations performed in conjunction with a subterranean well and, in an 
embodiment described herein, more particularly provides a multilateral 
completion system utilizing an alternate passage. 

In typical multilateral completion systems, a whipstock, milling guide or 
25 other type of deflector is set in a casing string in a main or parent wellbore to 
deflect a mill to form a window through a sidewall of the casing string. After the 
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milling operation, the whipstock or another deflector may then be used to deflect 
drill bits and other tools through the window to form a branch or lateral wellbore. 
The whipstock or another deflector may then be used to deflect a liner string into 
the branch wellbore. 

The liner string is cemented in the branch wellbore. An upper portion of 
the liner string in the main wellbore is then cut off and retrieved from the well. 
The whipstock or other deflector is then retrieved from the well to permit access 
to a lower portion of the main wellbore. 

It will be appreciated that it would be beneficial to eliminate the time and 
expense involved in cutting off the upper portion of the liner string, retrieving it 
from the well, and retrieving the whipstock from the well. It would also be 
beneficial to provide improved isolation between the casing and liner strings and 
a formation surrounding the intersection between the main and branch 
wellbores. 



SUMMARY 



In carrying out the principles of the present invention, in accordance with 
an embodiment thereof, a wellbore junction is provided which includes at least 
one additional passage for flowing fluid through the wellbore junction around a 
deflector and/or upper end of a liner string secured in a main passage formed 
through the wellbore junction. 
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In one aspect of the invention, a wellbore junction^ for use in a 
subterranean well is provided. The wellbore junction includes a first passage 
extending from a first opposite end to a second opposite end of the wellbore 
junction. A window is formed through a sidewall of the wellbore junction. A 
5 second passage is in communication with the first passage on a first side of the 
window, and in communication with the first passage on a second side of the 
window. 

In another aspect of the invention, a subterranean well system is provided. 
The system includes a wellbore junction positioned in a first wellbore at an 

10 intersection between the first wellbore and a second wellbore. The wellbore 
junction has first and second passages formed therein, the first passage extending 
through the wellbore junction. A liner string extends outwardly through a 
window formed through a sidewall of the wellbore junction. An end of the liner 
string is secured in the first passage, with the liner string extending into the 

15 second wellbore. The second passage provides fluid communication between the 
first passage on a first side of the liner string end and the first passage on a 
second side of the liner string end. 

In yet another aspect of the invention, a method of completing a well 
having at least first and second intersecting wellbores is provided. The method 

20 includes the steps of: installing a casing string in the first wellbore, including 
interconnecting a wellbore junction in the casing string; securing a deflector 
assembly in a first passage of the wellbore junction; and flowing fluid through a 
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second passage of the wellbore junction between the casing string on a first side 
of the wellbore junction and the casing string on a second side of the wellbore 
junction, without retrieving the deflector assembly from the first passage. 

These and other features, advantages, benefits and objects of the present 
5 invention will become apparent to one of ordinary skill in the art upon careful 
consideration of the detailed description of representative embodiments of the 
invention hereinbelow and the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

10 

FIG. 1 is a schematic partially cross-sectional view of a first subterranean 
well system embodying principles of the present invention; 

FIG. 2 is an enlarged scale cross-sectional view of a flow and access control 
device which may be used in the first system; 
15 FIG. 3 is an enlarged scale cross-sectional view of a flow control device 

which may be used in the first system; 

FIG. 4 is an enlarged scale partially cross-sectional view of a deflector 
which may be used in the first system; 

FIG. 5 is a cross-sectional view of a wellbore junction which may be used 
20 in the first system, the wellbore junction being illustrated in a first unexpanded 
configuration; 
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FIG. 6 is a cross-sectional view of the wellbore junction illustrated in a 
second unexpanded configuration; 

FIG. 7 is a cross-sectional view of the wellbore junction illustrated in a first 
expanded configuration; 

FIG. 8 is a cross-sectional view of the wellbore junction illustrated in a 
second expanded configuration; 

FIG. 9 is a schematic partially cross-sectional view of a first method of 
providing for fluid flow through a laterally offset passage of the wellbore junction; 

FIG. 10 is a schematic partially cross-sectional view of a second method of 
providing for fluid flow through the laterally offset passage of the wellbore 
junction; 

FIG. 11 is a schematic partially cross-sectional view of a third method of 
providing for fluid flow through the laterally offset passage of the wellbore 
junction; 

FIG. 12 is a schematic partially cross-sectional view of a second 
subterranean well system embodying principles of the present invention, 
including a fourth method of providing for fluid flow through the laterally offset 
passage of the wellbore junction; 

FIG. 13 is a schematic partially cross-sectional view of a third 
subterranean well system embodying principles of the present invention; 

FIG. 14 is a schematic partially cross-sectional view of a fourth 
subterranean well system embodying principles of the present invention; 
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FIG. 15 is a schematic partially cross-sectional view of a fifth subterranean 
well system embodying principles of the present invention; 

FIG. 16 is a schematic partially cross-sectional view of a sixth subterranean 
well system embodying principles of the present invention; 
5 FIG. 17 is a schematic partially cross-sectional view of a seventh 

subterranean well system embodying principles of the present invention; 

FIG. 18 is a cross-sectional view of an alternate configuration of the 
wellbore junction; and 

FIG. 19 is a schematic partially cross-sectional view of an eighth 
10 subterranean well system embodying principles of the present invention; 



DETAILED DESCRIPTION 

Representatively illustrated in FIG. 1 is a subterranean well system 10 
15 which embodies principles of the present invention. In the following description 
of the well system 10 and other apparatus and methods described herein, 
directional terms, such as "above", "below", "upper", "lower", etc., are used for 
convenience in referring to the accompanying drawings. The term "above" 
means relatively closer to the earth's surface along a wellbore, while the term 
20 "below" means relatively farther away from the earth's surface along a wellbore. 
Additionally, it is to be understood that the various embodiments of the present 
invention described herein may be utilized in various orientations, such as 
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inclined, inverted, horizontal, vertical, etc., and in various configurations, 
without departing from the principles of the present invention. 

As depicted in FIG. 1, a main or parent wellbore 12 is drilled to intersect a 
formation or zone 14. A casing string 16 is installed in the main wellbore 12 and 
5 is cemented therein. Note that the main wellbore 12 may extend continuously to 
the earth's surface, or it may be a branch of another wellbore, it may intersect 
other wellbores, etc. In addition, the term "casing string" is used herein to 
indicate not only a tubular string made up of segments known to those skilled in 
the art as "casing," but also other types of tubular strings, such as those made up 
10 of material known as "liner" or "tubing," and continuous, expandable, and/or 
non-metallic tubular strings, etc. 

The casing string 16 has a wellbore junction 18 interconnected therein. In 
one important feature of the invention, the wellbore junction 18 has multiple 
passages formed therein, which are described in more detail below. The wellbore 

15 junction 18 also has a window 20 formed through a sidewall of the junction. The 
window 20 may be preformed in the wellbore junction 18 prior to its installation 
in the wellbore 12, in which case it may be temporarily covered with a shield 
during cementing of the casing string 16 in the wellbore, or the window may be 
cut through the junction sidewall after the casing string is cemented in the 

20 wellbore. Any method of forming the window 20 may be used in keeping with 
the principles of the invention. 
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The zone 14 may be completed after the casing string 16 is cemented in the 
wellbore 12. For example, the casing string 16 may be perforated as depicted in 
FIG. 1, and additional equipment, such as packers, valves, screens, etc. (not 
shown) may be installed in the casing string. The zone 14 could be stimulated, 
5 gravel packed, completed open hole, etc. 

A passage 22 formed completely through the wellbore junction 18 
facilitates completion of the zone 14 by permitting packers, screens, stimulation 
equipment, etc. to pass therethrough unimpeded. Note that the passage 22 is 
aligned with a longitudinal axis 24 of the casing string 16, thereby providing 
10 convenient, and preferably full bore, access to the casing string below the 
wellbore junction 18. 

After completing the zone 14, a deflector assembly 26 is installed and 
secured in the passage 22. The deflector assembly 26 includes an upper deflector 
28, a lower deflector 30 and an anchor 32, such as a packer or latch. The 

15 deflector assembly 26 is rotationally oriented in the passage 22 so that an upper 
inclined face 34 of the upper deflector 28 is directed toward a desired direction 
for forming a lateral or branch wellbore 36. Preferably, the anchor 32 is a latch, 
and this orientation is due to engagement of the latch with an orienting latch 
profile (not shown in FIG. 1, but see profile 234 in FIG. 17) formed in the passage 

20 22. If the anchor 32 is a packer, then this orientation may be accomplished using 
a gyroscope or another direction indicating or orienting device. 
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The upper deflector 28 is now used to deflect cutting tools, such mills 
and/or drills to form the branch wellbore 36. If the window 20 is preformed in 
the sidewall of the wellbore junction 18, then it may not be necessary to mill 
through the junction sidewall. Note that the branch wellbore 36 could be drilled 
5 prior to installing the wellbore junction 18, in keeping with the principles of the 
invention. 

A liner string 38 is installed in the branch wellbore 36 by deflecting its 
lower end off of the upper deflector 28 and into the branch wellbore. The term 
"liner string" is used herein to indicate a tubular string made up of segments 
10 known to those skilled in the art as "liner," as well as other types of tubular 
strings, such as those made up of material known as "casing" or "tubing," and 
continuous, expandable, and/or non-metallic tubular strings, etc. 

As depicted in FIG. 1, the liner string 38 includes a screen 40, an inflatable 
packer 42 and a liner hanger packer 44. The liner hanger packer 44 is positioned 
15 at an upper end 46 of the liner string 38, and is set in the passage 22 above the 
window 20. Other methods of securing and sealing the upper end 46 of the liner 
string 38 may be used in keeping with the principles of the invention. 

The liner string 38 may be cemented in the branch wellbore 36, or it may 
be left uncemented. As depicted in FIG. 1, a formation or zone 48 intersected by 
20 the branch wellbore 36 may be completed by gravel packing about the screen 40 
below the packer 42 set in the branch wellbore. Of course, the zone 48 may be 
completed using any other methods, such as by cementing the liner string 38 
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through the zone and then perforating the liner string, stimulating the zone, 
installing sand control equipment inside the liner string, etc., in keeping with the 
principles of the invention. 

A tubular string 50, such as a production tubing string, is then installed in 
5 the well. A lower end of the tubular string 50 is engaged with the upper end 46 of 
the liner string 38, for example, by inserting seals 52 carried on the lower end of 
the tubular string into a seal bore 54 associated with the liner hanger packer 44. 
In this manner, sealed fluid communication is established between the interior of 
the tubular string 50 and the interior of the liner string 38. 

10 The tubular string 50 includes a packer 56 and an access and flow control 

device 58. The packer 56 is set in the casing string 16, in order to secure the 
tubular string 50 in position and seal an annulus between the tubular string and 
the casing string, after the seals 52 are inserted into the seal bore 54. However, 
any means of securing and sealing the tubular string 50 may be used in keeping 

15 with the principles of the invention. 

In another important feature of the invention, the access and flow control 
device 58 provides fluid communication and access between the interior of the 
tubular string 50 and the zone 14 below the wellbore junction 18 via a second, or 
alternate, passage 60 formed in the wellbore junction. The passage 60 extends 
20 between two fluid paths 62, 64 which provide fluid communication between the 
passages 22, 60. The upper fluid path 62 connects the passages 22, 60 above the 
upper end 46 of the liner string 38, the window 20 and the deflector assembly 26. 
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The lower fluid path 64 connects the passages 22, 60 below the upper end 46 of 
the liner string 38, the window 20 and the deflector assembly 26. 

In this manner, the tubular string 50 can be in fluid communication with 
the zone 14 without having to cut off or retrieve the upper end 46 of the liner 
5 string 38, and without having to retrieve the deflector assembly 26 from the 
casing string 16. In addition, access is available to the zone 14, for example, to 
perform remedial operations therein, via the access and flow control device 58. 

As depicted in FIG. 1, the access and flow control device 58 includes an 
outer housing 66 having a window 68 formed through a sidewall thereof. The 
10 window 68 is rotationally oriented to face toward the fluid path 62. This 
orientation may be achieved, for example, by engaging a latch carried on the 
tubular string 50 with an orienting latch profile formed in the upper end 46 of the 
liner string 38. 

A sleeve 70 installed in the housing 66 permits fluid communication 
15 between the interior of the tubular string 50 and the fluid path 62. The sleeve 70 
may be retrieved or shifted within the housing 66 to permit access between the 
tubular string 50 and the passage 60, as described more fully below. A latch 
profile 72 formed in the sleeve 70 may be used to shift the sleeve within the 
housing 66, or to retrieve the sleeve from within the tubular string 50. 

20 Referring additionally now to FIG. 2, an enlarged view of the access and 

flow control device 58 is schematically and representatively illustrated. In this 
view, an alternate sleeve 74 is shown replacing the sleeve 70 shown in FIG. 1. 
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When positioned as depicted in FIG. 2, the sleeve 74 prevents access to the 
passage 60 through the window 68 and, due to engagement of seals 76 on either 
side of the window 68, also prevents fluid communication between the interior of 
the tubular string 50 and the passage 60. However, the sleeve 74 may be shifted 
5 in the housing 66, if desired, to uncover the window 68 and provide access and 
fluid communication therethrough. 

Referring additionally now to FIG. 3, a flow control device 78 which may 
be substituted for the device 58 in the tubular string 50 is representatively 
illustrated. The device 78 may be used if access to the passage 60 is not desired, 
10 but control of fluid flow between the interior of the tubular string 50 and the 
passage 60 is desired. The flow control device 78 is similar to a conventional 
sliding sleeve valve in that it includes a sleeve 80 which is shifted to either permit 
or prevent flow through openings 82 formed through a sidewall of a tubular outer 
housing 84. 

15 Referring additionally now to FIG. 4, the access and flow control device 58 

is again illustrated apart from the remainder of the system 10. In this view, the 
sleeve 70 has been retrieved from the housing 66 and replaced with a deflector 
86. An upper inclined face 88 of the deflector 86 is oriented toward the window 
68 by engagement of a latch 90 carried on the deflector 86 with an orienting latch 

20 profile 92 formed in the housing 66. In this manner, well tools may be deflected 
off of the face 88 from the interior of the tubular string 50 and into the passage 
60 when access to the casing string 16 below the wellbore junction 18 is desired. 
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It may now be fully appreciated that the system 10 depicted in FIG. 1 
provides many advantages over prior multilateral completion systems. The 
wellbore junction 18 permits fluid (indicated by arrows 94) to flow from the zone 
48 into the liner string 38 and then into the tubular string 50 for production to 
5 the surface, while also permitting fluid (indicated by arrows 96) to flow from the 
zone 14 into the tubular string for production to the surface, without requiring 
the deflector assembly 26 or upper end 46 of the liner string to be retrieved from 
the well. In addition, the device 58 permits the fluid flow 96 to be controlled, as 
well as permitting access to the casing string 16 below the wellbore junction 18 
10 via the passage 60. Furthermore, since the upper end 46 of the liner string 38 is 
sealed and secured in the passage 22 of the wellbore junction 18, a very desirable 
completion known to those skilled in the art as a "Level 6" completion is 
achieved, providing superior isolation between the interior of the junction and a 
formation 98 surrounding the intersection between the wellbores 12, 36. 

15 Note that it is not necessary in keeping with the principles of the invention 

for the fluids 94, 96, or either of them, to be produced from the well. Either or 
both of the fluids 94, 96 could instead be injected into the well. 

Referring additionally now to FIG. 5, a cross-sectional view of the wellbore 
junction 18, taken along line 5-5 of FIG. 1, is representatively illustrated. This 
20 view depicts the wellbore junction 18 prior to installation in the wellbore 12. 

In order to provide for convenient installation of the wellbore junction 18, 
the second or alternate passage 60 is in an unexpanded configuration. After 
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being positioned and appropriately oriented in the wellbore 12, the passage 60 is 
expanded, as depicted in FIG. 7. The passage 60 may be expanded, for example, 
by applying pressure to the passage to inflate it, or by mechanically swaging the 
passage outward. 

5 Note that, as depicted in FIGS. 5 and 7, the passage 60 is formed within a 

semicircular-shaped housing 100 attached externally (such as by welding) to a 
tubular cylindrical housing 102. The passage 60 is, thus, formed with a D-shaped 
cross-section. The housing 102 may be formed from a conventional casing 
material. Of course, the wellbore junction 18 may be otherwise constructed, 
10 without departing from the principles of the invention. Such an alternate 
construction is depicted in FIG. 18 and described below. 

In FIG. 6, an alternative initial unexpanded configuration of the wellbore 
junction 18 is representatively illustrated. In this configuration, the housing 102 
is instead in a compressed or unexpanded configuration when the wellbore 
15 junction 18 is installed. After installation, the housing 102 is expanded to the 
configuration shown in FIG. 7 by, for example, applying pressure to inflate the 
housing, or mechanically swaging the housing outward. Of course, both of the 
housings 100, 102 could be expanded downhole, and it is not necessary for either 
of the housings to be expanded, in keeping with the principles of the invention. 

20 In FIG. 7 it may be seen that the passage 60 provides access therethrough 

for well tools, etc. As depicted in FIG. 7, a wireline 104 is used to convey a well 
tool (not shown) through the passage 60. 
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In FIG. 8, another alternate configuration of the wellbore junction 18 is 
representatively illustrated. In this configuration, the housing 100 is somewhat 
laterally elongated, providing additional area in the passage 60. Support ribs 106 
may be included between the housings 100, 102 to strengthen the housing 100, to 
5 divide the passage 60 into multiple separate passages, to prevent well tools, 
wirelines, etc. from becoming lodged in corners of the passage 60, etc. As 
depicted in FIG. 8, a control line 108 (such as a fiber optic, electrical or hydraulic 
line) is installed in a separate passage 110, while a coiled tubing string 112 is 
conveyed through the passage 60. Yet another passage 114 is available for 
10 providing fluid communication with other zones intersected by the well. 

Note that in each of the configurations illustrated in FIGS. 5-8, the 
passages 22, 60 are separated by only a single layer of material 116 in the housing 
102 sidewall. For compactness and efficient use of available area in the wellbore 
12, this is preferred over other configurations which would utilize multiple layers 
15 of material to separate the passages 22, 60, such as by using multiple tubular 
members to form the passages. However, multiple attached tubular members 
could be used in keeping with the principles of the invention. 

It may be desirable in some instances to initially prevent fluid 
communication between the passages 22, 60, or to prevent flow through the 
20 passage 60. For example, if stimulation or gravel packing operations are to be 
performed in the branch wellbore 36, fluid communication between the passages 
22, 60 could possibly hinder or complicate these operations. Therefore, the 
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system 10 could be configured so that fluid communication between the passages 
22, 60, or fluid flow through the passage 60, is provided at some time after the 
wellbore junction 18 is installed in the well. 

Referring additionally now to FIG. 9, a method whereby fluid 
5 communication between the passages 22, 60 may be provided after installation of 
the wellbore junction 18 is representatively illustrated. As depicted in FIG. 9, a 
deflector 118 is secured in the passage 22 and rotationally oriented so that an 
inclined upper face 120 of the deflector faces toward the passage 60. The 
deflector 118 may be secured by means of an anchoring device 122, such as a 
10 packer or latch. 

If the anchoring device 122 is a latch, then the rotational orientation may 
be accomplished by engaging the latch with an orienting profile formed in the 
passage 22. If the anchoring device 122 is a packer, then the rotational 
orientation may be accomplished by use of a gyroscope or other orienting device. 

15 After the deflector 118 is oriented and secured in the passage 22, a cutting 

device 124, such as a mill, is used to cut through the layer of material 116 
separating the passages 22, 60 to thereby form the fluid path 62 between the 
passages. The fluid path 62 may then provide access and fluid communication 
between the passages 22, 60. 

20 Referring additionally now to FIG. 10, another method of providing fluid 

communication between the passages 22, 60 in the system 10 is representatively 
illustrated. In this method, a perforating gun 126 is conveyed into the passage 22 
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and is rotationally oriented so that shaped charges (not shown) of the gun face 
toward the passage 60. The charges are detonated to form one or more fluid 
paths 62 (otherwise known as perforations) between the passages 22, 60. 

Referring additionally now to FIG. 11, a method of selectively preventing 
5 fluid flow through the passage 60 in the system 10 is representatively illustrated. 
In this method, fluid flow through the passage 60 is initially prevented, instead of 
specifically preventing fluid communication between the passages 22, 60. This 
may be useful in the operations discussed above (such as stimulation and gravel 
packing operations) or in other situations in which it is desired to selectively 
10 prevent fluid flow through the passage 60. 

As depicted in FIG. 11, a plug 128 is set in the passage 60 to prevent fluid 
flow through the passage. The plug 128 may, for example, include a latch 130 
which engages a profile 132 formed internally in the passage 60. Of course, other 
means of securing the plug 128, such as slips, may be used in keeping with the 
15 principles of the invention. 

Another method of selectively permitting and preventing fluid 
communication between the passages 22, 60 or fluid flow through the passage 60 
is representatively illustrated in FIG. 12, which depicts another well system 134 
similar in many respects to the system 10 described above. Elements of the 
20 system 134 which are similar to those previously described are indicated in FIG. 
12 using the same reference numbers. 
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As depicted in FIG. 12, a flow control device 136 is used in the system 134 
to control fluid flow through the fluid path 62. The flow control device 136 is 
illustrated as a sliding sleeve-type valve, but it should be understood that any 
type of flow control device (such as other types of valves, chokes, etc.) may be 
5 used in keeping with the principles of the invention. 

Preferably, operation of the flow control device 136 is controllable from a 
remote location, such as the earth's surface or another location in the well. For 
example, a control line 138 (such as a fiber optic, electric or hydraulic line) may 
extend between the flow control device 136 and the remote location. 
10 Alternatively, or in addition, the flow control device 136 could be remotely 
operated via telemetry, such as acoustic, electromagnetic, mud pulse, or other 
type of telemetry system. 

A sensor 140 may be positioned to sense one or more parameters in the 
passage 60. These parameters may include temperature, pressure, composition, 
15 phase, water cut, or any other parameter. The sensor 140 may communicate with 
a remote location via a line 142 extending to the remote location, and/or any 
form of telemetry may be used. Other sensors (not shown) could be positioned to 
sense parameters in the passage 22 or elsewhere in the system 134 in keeping 
with the principles of the invention. 

20 The system 134 also differs from the system 10 in that flow control devices 

144, 146 are used to control fluid flow between each of the passages 22, 60 and 
the interior of a tubular string 148 engaged with the upper end 46 of the liner 
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string 38. The flow control devices 144, 146 are preferably operated from a 
remote location via lines 150 extending between the flow control devices and the 
remote location. However, the flow control devices 144, 146 could be operated 
via telemetry or direct intervention into the well, without departing from the 
5 principles of the invention. 

As depicted in FIG. 12, the fluid 96 flowing from the zone 14 passes 
through the passage 60, through the flow control device 136, and into an annulus 
152 between the tubular string 148 and the casing string 16. The flow control 
device 144 selectively controls flow of the fluid 96 between the annulus 152 and 
10 the interior of the tubular string 148. 

The fluid 94 flowing from the zone 48 passes through the passage 22 via 
the liner string 38 and into a lower end of the tubular string 148. A plug 154 
isolates the lower end of the tubular string 148 from the interior of the tubular 
string above the plug. The flow control device 146 selectively controls flow of the 
15 fluid 94 between the lower end of the tubular string 148 and the interior of the 
tubular string above the plug 154. 

The access and flow control device 58 as depicted in FIG. 12 has the sleeve 
74 installed therein, which prevents fluid flow through the window 68. If access 
to the passage 60 is desired, the plug 154 and the sleeve 74 may be retrieved from 
20 within the tubular string 148. The flow control device 136 may not be used in the 
system 134 if access to the passage 60 is desired, or the flow control device could 
be opened to allow such access. 
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The liner string 38 as depicted in FIG. 12 has been modified somewhat to 
show an open hole completion in the branch wellbore 36. As described above, 
any of the wellbores 12, 36 may be completed in any manner in keeping with the 
principles of the invention. 

5 Referring additionally now to FIG. 13, another well system 156 is 

representatively illustrated. The system 156 is similar in many respects to the 
systems 10, 134 described above, and so elements of the system 156 which are 
similar to those previously described are indicated in FIG. 13 using the same 
reference numbers. 

10 As described above, it is not necessary in keeping with the principles of the 

invention for fluids to be produced from the well. In the system 156, the fluid 96 
is produced from the zone 14 as in the previously described systems 10, 134, but 
instead of producing the fluid 94 from the zone 48, steam 158 is injected into the 
zone 48. Also, instead of a single tubular string, two tubular strings 160, 162 are 

15 used. The fluid 96 is produced through the tubular string 160, and the steam 158 
is injected through the other tubular string 162. 

A dual string packer 164 secures and seals the tubular strings 160, 162 in 
the casing string 16. The tubular strings 160, 162 may also include additional 
equipment, such as an adjustable union 166 and travel joints 168. A deflector 170 
20 may be attached to one or both of the tubular strings 160, 162 and rotationally 
oriented to deflect well tools, etc. from the tubular string 160 into the passage 60. 
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Referring additionally now to FIG. 14, another well system 172 is 
representatively illustrated. The system 172 is similar in many respects to the 
systems 10, 134, 156 described above, and so elements of the system 172 which 
are similar to those previously described are indicated in FIG. 14 using the same 
5 reference numbers. 

The system 172 is used herein to demonstrate the benefits of the invention 
in completing wells which have multiple branch wellbores. As depicted in FIG. 
14, an additional branch wellbore 174 has been drilled extending outwardly from 
a window 176 formed through a sidewall of another wellbore junction 178 
10 interconnected in the casing string 16. The branch wellbore 174 intersects 
another formation or zone 180. Any number of branch wellbores may be used to 
intersect any number of formations or zones in keeping with the principles of the 
invention. 

The wellbore junction 178 is installed and oriented, and the wellbore 174 is 
15 drilled and completed, as described above for the wellbore junction 18 and 
branch wellbore 36, respectively. A deflector assembly 182 is oriented and 
secured in a passage 184, and after drilling the wellbore 174, a liner string 186 is 
installed in the wellbore and an upper end of the liner string is secured in the 
passage. Another passage 188 in the wellbore junction 178 provides fluid 
20 communication between the passages 184, 188 above and below the deflector 
assembly 182 and the upper end of the liner string 186. 
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The fluid 96 flows from the zone 14, through the passage 188 and into a 
lower end of the upper wellbore junction 18. Thus, the deflector assembly 182 
and upper end of the liner string 186 do not have to be retrieved from the well 
prior to producing the fluid 96. 

5 Fluid (indicated by arrows 190) is produced from the zone 180 and flows 

through the liner string 186 and via the passage 184 into the lower end of the 
upper wellbore junction 18. Note that the fluids 96, 190 are commingled prior to, 
or while, the fluids enter the lower end of the upper wellbore junction 18. The 
commingled fluids 96, 190 flow through the passage 60 to the annulus 152 above 
10 the upper wellbore junction 18. A remotely operable flow control device 192 
interconnected in a tubular string 194 engaged with the upper end of the liner 
string 38 controls flow of the fluids 96, 190 between the annulus 152 and the 
interior of the tubular string. 

It may, in some circumstances, be desirable to prevent commingling of the 
15 fluids 96, 190 prior to flowing the fluids into the tubular string 194, for example, 
to permit independently controlled production of the fluids. Representatively 
illustrated in FIG. 15 is another well completion system 196 which permits 
independent control of production of the fluids 96, 190. In order to maintain 
segregation of the fluids 96, 190 as they flow through the upper wellbore junction 
20 18, another passage 198 is provided in the wellbore junction. 
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The fluid 96 enters the passage 60 of the upper wellbore junction 18 from 
the passage 188 of the lower wellbore junction 178. The fluid 190 flows into the 
lower end of the upper wellbore junction 18 and enters the passage 198. 

Although the passage 60 is shown schematically in FIG. 15 as being 
5 positioned outward from the passage 198, thereby causing the wellbore junction 
18 to have an increased width, in actual practice the passages 60, 198 could be 
circumferentially distributed or otherwise positioned to more efficiently utilize 
the available area in the wellbore 12. For example, the passages 60, 198 could be 
formed in the housing 100 as depicted in FIG. 8. 

10 The fluid 190 flows from the passage 198 into the annulus 152 between a 

tubular string 200 and the casing string 16. The fluid 96 flows from the passage 
60 into another annulus 202 isolated from the annulus 152 by a packer 204. 

Flow of the fluid 96 between the annulus 202 and the interior of the 
tubular string 200 is controlled by a remotely operable flow control device 206 

15 interconnected in the tubular string. Flow of the fluid 190 between the annulus 
152 and the interior of the tubular string 200 is prevented, as depicted in FIG. 15, 
by the sleeve 74 installed in the access and flow control device 58. If it is desired 
to permit the fluid 190 to enter the tubular string 200, the sleeve 74 may be 
retrieved from within the tubular string, the sleeve 74 may be replaced by the 

20 sleeve 70 depicted in FIG. 1, or the access and flow control device 58 may be 
replaced by the flow control device 78 depicted in FIG. 3 or by another of the flow 
control device 206. 
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Thus, it will be appreciated that the system 196 affords a wide variety of 
options for controlling the flow of the fluids 96, 190, while maintaining the 
advantages of the use of the wellbore junctions 18, 178. Note that the access and 
flow control device 58 also permits access, via the passage 198, to the branch 
5 wellbore 174. 

It may be desirable in some circumstances to permit access to both the 
branch wellbore 174 and the wellbore 12 below the wellbore junctions 18, 178, 
and also to be able to remotely control flow of each of the fluids 94, 96, 190 into a 
production tubing string. Representatively illustrated in FIG. 16 is another 
10 system 208 which accomplishes these objectives, and still does not require that 
either of the deflector assemblies 26, 182 or the upper ends of the liner strings 38, 
186 be retrieved from the well. 

A tubular string 210 engaged with the upper end of the liner string 38 
includes the remotely operable flow control devices 144, 146, 206 for 

15 independently controlling flow of the fluids 190, 94, 96, respectively, into an 
interior of the tubular string. The tubular string 210 also includes two of the 
access and flow control devices 58. An upper one of the devices 58 is positioned 
opposite the passage 60 where it intersects the annulus 202, and a lower one of 
the devices is positioned opposite the passage 198 where it intersects the annulus 

20 152. 

To access the upper branch wellbore 36, the plug 154 is retrieved from the 
tubular string 210, and well tools, etc., can then be conveyed through the tubular 
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string and into the liner string 38. To access the lower branch wellbore 174, the 
sleeve 74 in the lower device 58 is retrieved and replaced with the deflector 86 
depicted in FIG. 4. Well tools, etc., can then be deflected out of the tubular string 
210, into the passage 198, and then into the liner string 186. To access the main 
5 wellbore 12 below the wellbore junctions 18, 178, the sleeve 74 in the upper device 
58 is retrieved and replaced with the deflector 86. Well tools, etc., can then be 
deflected out of the tubular string 210, into the passage 60, through the passage 
188, and then into the wellbore 12 below the wellbore junctions 18, 178. 

Note that the system 208 shows the wellbores 12, 36, 174 having been 
10 completed by installing slotted liners or screens 212 into open hole portions of 
the wellbores. Again, any of the wellbores 12, 36, 174 may be completed in any 
manner, without departing from the principles of the invention. 

If the fluids 96, 190 are commingled between the wellbore junctions 18, 
178, that is, if separate passages are not available for access to the lower branch 

15 wellbore 174 and the main wellbore 12 below the wellbore junctions (as in the 
system 172 depicted in FIG. 14), then it may be desirable to provide a means 
whereby well tools, etc., may be conveyed into a selected one of the lower branch 
wellbore 174 and the main wellbore 12 below the wellbore junctions. 
Representatively illustrated in FIG. 17 is a lower portion of the system 172, 

20 wherein an access control device 214 is used to provide such selective access to 
the lower branch wellbore 174 and the main wellbore 12 below the wellbore 
junctions 18, 178. 
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As depicted in FIG. 17, the access control device 214 includes a scoop head 
216, a side pocket mandrel 218, an access and flow control device 58, a deflector 
220, a latch 222, a plug 224 and seals 226. The scoop head 216 is used to funnel 
a well tool 228 conveyed, for example, by a coiled tubing string 230 through the 
5 passage 60, into the access control device 214. Upon entering the side pocket 
mandrel 218, a conventional kickover tool (not shown) may be used to divert the 
well tool 228 to pass through an opening 232 in a lower end of the side pocket. 
The deflector 220 then deflects the well tool 228 to enter the passage 188, which 
directs the well tool into the wellbore 12 below the lower wellbore junction 178. 

10 In order to rotationally orient the opening 232 of the side pocket mandrel 

218 and the deflector 220 to face toward the passage 188, the latch 222 preferably 
engages an orienting profile 234 formed in the passage 184. Engagement 
between the latch 222 and profile 234 secures the device 214 in the lower 
wellbore junction 178, with the seals 226 engaged in the upper end of the liner 

15 string 186. Of course, other types of sealing, securing and orienting devices may 
be used in keeping with the principles of the invention. 

As an alternative, or in addition, to the side pocket mandrel 218 and 
deflector 220, the device 58 may be used to permit access between the interior of 
the access control device 214 and the passage 188. For example, the sleeve 74 
20 may be replaced with the deflector 86 depicted in FIG. 4, to thereby deflect the 
well tool 228 into the passage 188. If access to the wellbore 174 is desired, the 
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plug 224 may be retrieved, permitting the well tool 228 to pass straight through 
the device 214 and into the liner string 186. 

Note that the lower deflector 30 of the upper deflector assembly 26 aids 
reentry of the well tool 228 into the passage 60, and a lower deflector 236 of the 
5 lower deflector assembly 182 aids reentry of the well tool into the passage 188, 
when the well tool is eventually retrieved from the well. 

The access control device 214 may be installed in the casing string 16 along 
with the wellbore junctions 18, 178 as the casing string is being installed in the 
main wellbore 12. Alternatively, the device 214 may be reduced in size from that 
10 shown in FIG. 17 and conveyed (such as by wireline or coiled tubing) through the 
casing string 16, through the passage 60, and engaged in the lower wellbore 
junction 178 after the casing string is installed. Thus, the device 214 could be 
installed only when it is desired to selectively access the wellbore 174 or the 
wellbore 12 below the wellbore junctions 18, 178. 

15 In the illustrations accompanying the above description, the passage 60 

has been shown as being external to the tubular housing 102 through which the 
passage 22 extends. It should be clearly understood that many other 
configurations are possible in keeping with the principles of the invention. 
Representatively illustrated in FIG. 18 is a cross-sectional view of another 

20 configuration of the wellbore junction 18 in which the semicircular housing 100 is 
attached internally to the housing 102, so that the passage 60 is formed between 
the housings 100, 102. 
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Note that the passages 22, 60 are still separated by only the single layer of 
material 116. In addition, if the housing 102 has the same dimensions as the 
adjacent casing string 16 (or at least is not substantially larger than the adjacent 
casing string), then the wellbore junction 18 can be conveniently installed 
5 without the need for expanding either of the passages 22, 60 downhole. 
However, if desired, either or both of the passages 22, 60 could be expanded 
downhole in keeping with the principles of the invention. 

Referring additionally now to FIG. 19, another system 238 embodying 
principles of the present invention is representatively illustrated. The system 238 
10 is similar in many respects to the system 134 described above, and so elements 
illustrated in FIG. 19 which are similar to those described above are indicated 
using the same reference numbers. 

It may be desirable in some circumstances to be able to drill the branch 
wellbore 36 in an underbalanced condition. That is, the pressure in the wellbore 
15 36 is less than pore pressure in the formation 48 during the drilling operation. 
For example, underbalanced drilling may be useful to prevent fluid loss into the 
formation 48, or to prevent damage to the formation from exposure to drilling 
fluid solids, etc. 

In order to provide for such underbalanced drilling of the branch wellbore 
20 36, the liner string 38 in the system 238 is equipped with a fluid loss control 
device 240. The device 240 is preferably a valve which permits a drill string 242 
to be tripped in and out of the branch wellbore 36 while the wellbore is in an 
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underbalanced condition, and without a need for killing the well or snubbing the 
drill string out of the well under pressure. 

An acceptable fluid loss control device is the Quick Trip Valve available 
from Halliburton Energy Services, Inc. of Houston, Texas. This Quick Trip Valve 
5 is opened by the drill string 242 as it is lowered through the valve, and is closed 
as the drill string is retrieved through the valve. However, any fluid loss control 
device may be used in keeping with the principles of the invention. 

The fluid loss control device 240 is preferably positioned in the liner string 
38 below the liner hanger packer 44 in the passage 22 of the wellbore junction 18. 
10 This positioning provides convenient access to the device 240 in the main 
wellbore 12. However, other positions may be used for the device 240 in keeping 
with the principles of the invention. 

Note that another fluid loss control device 244 may be used in the casing 
string 16 below the wellbore junction 18 if it is desired to drill the lower main 
15 wellbore 12 in an underbalanced condition. The device 244 may be the same as, 
or different from, the device 240. 

Of course, a person skilled in the art would, upon a careful consideration 
of the above description of representative embodiments of the invention, readily 
appreciate that many modifications, additions, substitutions, deletions, and other 
20 changes may be made to these specific embodiments, and such changes are 
contemplated by the principles of the present invention. Accordingly, the 
foregoing detailed description is to be clearly understood as being given by way of 
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illustration and example only, the spirit and scope of the present invention being 
limited solely by the appended claims and their equivalents. 
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